

































































light-emitting polymers (LEPs). In the second
tutorial, “Progress in Light-Emitting-Polymer
Technology,” Jeremy Burroughes, CDT’s
CTO, started with a discussion of the structure
of conjugated polymers, the nature of exci-
tons, and the molecular engineering of LEPs.
Later, he discussed the properties of the vari-
ous materials used in polymer OLEDs in
some detail, moved through device-decay
mechanisms and ways of dealing with them,
and concluded with a survey of current appli-
cations. In summary, Burroughes said that the
first LEP products are now in the marketplace
and being produced in high volume, and that

printing is the route to low-cost manufacturing |

while maximizing display efficiency and life-
time.

In the Q&A session, Larry F. Weber
(Matsushita Plasmaco) asked about the state
of the competition between small-molecule
and polymer technologies for OLEDs.
Burroughes answered that if the lifetimes are
equal, then solution processing (which is asso-
ciated with polymers) will come out ahead
because of the efficiency, but the high purity
of monomers is a benefit. He went on to say
that one group made otherwise identical
devices with monomers and polymers, and it
was impossible for viewers to tell the differ-
ence between them.

Paul Drzaic (Alien Technology), General
Chair for IDRC 2003, asked about the outlook
for barrier films, which are one way of pro-
tecting OLEDs from water and oxygen.
Burroughes answered that Barix™ is coming
along but is overly complicated, and TACT
time could be an issue. Also, films for top-
view displays are coming soon. “But if you
are talking about barrier films for roll-up dis-
plays, that will take a long time.”

In the final tutorial, “Organic Electronics
for Flat-Panel Displays,” Michael G. Kane
(Sarnoff Corp.) focused on TFTs rather than
OLEDs, although OLEDs are also “organic
electronics.” The concept of organic electron-
ics, Kane said, is to replace traditional elec-
tronics based on inorganic semiconductors
(such as silicon) with organic electronics that
can be deposited onto large areas using low-
cost substrates such as plastic and coated
paper.

Work done by a team from Sarnoff, Penn
State University, Kent State University, and
Rensselaer Polytechnic Institute on organic
TFTs (OTFTs) using pentacene as the organic
semiconductor on a polyester substrate

} “pushed OTFTs forward into the worlds of
’ cicuitry and displays and defined a workable
process. It is the baseline for the work that
has come since.”

In discussing the future, Kane postulated
“Kane’s rule,” which says, “The market is not
interested in molecules,” i.e., “Organic elec-
tronics can succeed only where it demon-
strates a clear advantage over current inor-
| ganic-semiconductor approaches.” Because a
| batch OTFT process will not be lower in cost
| than a conventional TFT process, its only

advantage lies in the plastic substrate, and this

may not be enough to displace the entrenched
silicon technology. However, “Everything
changes if OTFTs can be processed in a con-
tinuous line.” Ink-jet printing is one possible
process that would be compatible with contin-
uous (roll-to-roll) processing, but it is not the
only one — gravure printing is another. Kane
showed a photograph of a gravure-printed
OLED prototype.

When asked if there were any good alterna-
tives to pentacene for OTFTs, Kane said that
pentacene has the highest field-effect mobility
of available organic semiconductors.

Ken Werner

Fig. 2: Steven A. Van Slyke (Kodak) presented his tutorial on small-molecule OLED tech-

nology.
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The Technical Program

The technical program was organized with the
emphasis on OLEDs. P. K. Raychaudhuri and
his colleagues from Eastman Kodak Co.
described microcavity OLED structures with
high-reflectivity silver anodes in conjunction
with an ultrathin hole-injection layer made of
CF, or a metal oxide. Such structures can
produce an on-axis efficiency twice that of
conventional structures.

Julie Brown (Universal Display Corp.) and
her colleagues discussed the recent progress in
high-efficiency phosphorescent-OLED
(PHOLED) technology. The current genera-
tion of phosphorescent materials includes a red
material with a current efficiency of 14 cd/A,
a green material with 27 cd/A, and a blue
material with 10 cd/A. The red material has a
lifetime of 15,000 hours at a luminance of
300 cd/m?, and the green material has a life-
time of greater than 20,000 hours at 600 cd/m>.
“We are still lifetime-challenged in the blue,”
said Brown, “but we are working toward that
magical 10,000-hour lifetime.” She also
made the point that the high efficiency of
PHOLEDs makes it possible for them to be
driven with existing a-Si TFT technology.

On behalf of his colleagues at MicroEmis-
sive Displays (MED), Ian Underwood
described his company’s full-color emissive
microdisplay that uses a light-emitting poly-
mer. The structure is simple, consisting of a
thin LEP layer placed directly on top of a
pixelated CMOS substrate. A full-color
160 x 120 microdisplay has been designed,
and “a number of " pieces have been pro-
duced.

In a lively Q&A session, Paul Drzaic asked
why MED decided to use polymer instead of
small-molecule-OLED material. Underwood
replied that solution processing is attractive at
wafer scale, and that the company was also
“able to establish a better relationship with
polymer suppliers.”

One of the often-cited benefits of using
LEP materials in OLEDs is that devices can
be fabricated by solution processing, and
photolithography is not necessary. It was
therefore interesting that Tomoyuki
Tachikawa and his colleagues from Dai
Nippon Printing Co. described a photo-
lithographic method for fabricating full-color
polymer light-emitting devices. In the Q&A
session, Ernst Lueder said, “I do not yet

Ken Wemer

Fig. 3: Johan Feenstra and his colleagues from Philips Research Laboratories showed this
demonstrator for a new display technology called “electrowetting.”
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understand why this process is superior to one
that applies and patterns OLED material at the
same time.” Unfortunately, it seemed that
language differences made it impossible for
the presenter to understand the question. The
time came for the proceedings to move on,
and the question remained unanswered.

Paul Burrows (Pacific Northwest National
Laboratory) examined OLEDs from another
perspective in his presentation, “The Organic
Light-Emitting Ceiling: Is It Possible?” He
noted that incandescent bulbs produce about
15 Im/W, cost $0.50 apiece, and have a life-
time of about 1000 hours. Compact fluores-
cent lamps produce 60 Im/W, cost $5-10
each, and have a lifetime of 10,000 hours. He
noted that the less-expensive ones often do
not deliver their advertised output.

By contrast, LEDs are still very expensive.
Burrows devoted the rest of his presentation
to exploring approaches to obtaining white
OLED:s that are cost-competitive. Small-
molecule phosphors have the required quan-
tum efficiency, he said, and polymers have a
low drive voltage. But university research
indicates that doping can reduce small-
molecule drive voltage.

He concluded that the cost per square meter
and weight are too high unless plastic sub-
strates are used. He suggested that this is a
case where government investment is appro-
priate because the economic pay-off is very
high, but the development cost is too great for
any one company. The results of this devel-
opment, including cheap substrates and higher
efficacy, would immediately feed back to dis-
plays, he said.

James Broderick (Buildings Technologies
Program, Office of Energy Efficiency and
Renewable Energy, U.S. Department of
Energy) may not have been offering the kind
of money Burrows had in mind, but he did
outline a variety of Department of Energy
funding opportunities in his presentation,
“R&D Opportunities in Solid-State Lighting”
(see www.netl.doe.gov/business).

Not Only OLEDs
Although OLEDs were emphasized at IDRC,
some of the most interesting papers were not
OLED related. Larry Weber (Matsushita
Plasmaco) announced the fabrication of a
42-in. PDP prototype using a high-efficacy
positive-column cell design.

The relatively low efficiency and high
power consumption of PDPs stem from the




basic physics of gas-discharge cells. In a gas-
discharge cell such as a PDP pixel or a con-
ventional 4-ft.-long fluorescent lamp, the
luminous regions are the negative-glow and
positive-column regions. The positive-
column region is by far the more efficient, and
in a large fluorescent lamp most of the lamp’s
glowing area consists of the positive column.
As a result, fluorescent lamps have an impres-
sive luminous efficacy of approximately

80 Im/W.

But as the cell size gets smaller so does the
positive column, and more and more of the
cell’s luminous output comes from the ineffi-
cient negative-glow region. In a 2001 patent,
Weber described a practical technique for
drawing the discharge from one cell to
another, thus lengthening the positive column
and making the pixel — which is now com-
posed of two cells, the “trigger cell” and the
“state cell” — more efficient, without resorting
to a closed-cell structure. Indeed, said Weber,
the structure of this panel is even simpler than
that of a traditional column-type barrier-rib
panel because one electrode is eliminated and
the remaining electrodes can be opaque.

At IDRC, Weber announced that the ideas
described in the patent have now been incor-
porated into an operating 42-in. prototype that
produces an image similar to that of an equiv-
alent conventional PDP, except that it is
brighter.

In the past, the motivation for staying with
open cells rather than going to the closed cells
developed by Pioneer was that the simpler
open-channel substrate was substantially
cheaper and its use avoided a two-dimensional
precision alignment. With time, these benefits
have become far less significant, Weber said,
but the simpler structure can be made from
soda-lime glass, which is about one-third the
cost of the high-strain-point glass used for
closed-cell designs.

Johan Feenstra and his colleagues from
Philips Research Laboratories in Eindhoven,
The Netherlands, and Redhill, U.K., presented
a paper on a completely novel display tech-
nology based on “electrowetting.” The moti-
vation for the new technology was to create a
reflective display with higher reflectivity than
that of conventional reflective LCDs or elec-
trophoretic displays. The new technology
uses a transparent electrode on top of a white
substrate. On top of the electrode is a
hydrophobic insulator, and on top of that is a
drop of colored oil. Finally, there is water

Ken Werner

Fig. 4: Les Polgar (gesturing toward Tom Miller): “I remember when some very serious
observers thought that amorphous silicon was a joke — a very bad joke indeed. We need to be

patient.”

over the oil, and electrical connections are
made to the water and the electrode. Without
an applied voltage, the oil spreads over the
entire pixel surface and reflects light accord-
ing to its coloration. When an appropriate
bias is applied, the oil droplet is moved to one
side and approximately 75% of the white
reflector is exposed (Fig. 3). The pixels can
be switched at video speed.

Jun Someya and his co-workers from
Mitsubishi Electric Corp. presented an evolu-
tion on their third-generation Feedforward
Driving (FFD) technique, which is used to
obtain true video speed in LCD-TV displays.
FFD is highly effective but requires frame
stores that get expensive as resolution climbs
toward the HDTV range. The new develop-
ment, motion-adaptive compression, makes
improved quality possible along with reduced
memory requirements and cost (see the
detailed article by Mr. Someya, “Third-Gener-
ation Feedforward Driving,” in this issue).

OLED Business Conference

The OLED Business Conference organized by
the Southwest Chapter of SID immediately
followed IDRC. Intellectual property
emerged as the central topic. The central

debate was whether or not Eastman Kodak is
stifling the OLED industry by overly restric-
tive licensing practices, and if not whether
Kodak’s position is reasonable and would-be
competitors who are less well endowed than
Kodak (as far as OLED IP is concerned) are
just whining.

In the formal presentations, DuPont’s Tom
Miller noted that OLEDs were only a $200
million business in 2003 but will be a multi-
billion dollar business by the end of the
decade. DuPont’s plans call for the produc-
tion of full-color OLEDs in the 2004-2005
time frame and flexible-substrate displays in
2006-2007.

Miller noted that Pioneer is still the leading
supplier of OLEDs, but DuPont’s manufactur-

' ing partner RITdisplay may become as large

|
0
|

in 2004. At the moment, he said, everybody
is losing money, including Pioneer, but
companies have to invest heavily to build a
market.

One of the challenges facing OLEDs, he
said, is the continuing rapid progress of
LCDs. LCD technology is “progressing like a

\ supertrain and prices keep dropping and drop-

| ping.” Nonetheless, volume shipments are
| increasing, and they could increase faster with
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more industry collaboration. Various stan-
dards would speed infrastructure development
and technology adoption, Miller said.

In the Q&A period, Malcolm Thompson
asked, “So, what is your solution to the IP
problem?” Miller said, “Shift from compa-
nies founded solely to sell IP to companies
based more on a model of collaboration and
development. It is challenging. We need to
pay inventors, but there needs to be enough
money to go around. Among other things, we
should have a standard industry licensing
agreement; continually negotiating these is a
waste of time.”

Les Polgar, the founding President of
Eastman Kodak's Display Products Business,
and now Principal of Talpra Consultants, said
in his presentation that the OLED industry
needs to focus on going to market. This
requires building OLED credibility with real
products and also requires a lot of unglam-
ourous process, design, and manufacturing
work. And, he said, part of this pragmatic

market-building should be an industry com-
mitment to leave claims of “disruptive tech-
nologies” and “paradigm shifts” behind.

Barry Young of DisplaySearch noted that
21 OLED fabs were operating in 2002. He
presented three recent events as milestones:
(1) Samsung/Pioneer’s showing of a transpar-
ent active-matrix OLED (AMOLED), (2)
IDTech/Chi Mei Optoelectronics’s showing of
a 20-in. AMOLED with an amorphous-silicon
backplane at SID 2003, and (3) CDT’s
demonstration of a blue phosphor with a life-
time of 11,000 hours.

Sidney Rosenblat (Universal Display
Corp.) presented guidelines for negotiating IP
licenses. He observed that although technol-
ogy licensing models can have significant
financial rewards, they require significant
R&D expenditures. Companies must be able
to get their technology onto the market while
maintaining its proprietary position. “It is not
easy,” he said, “and for each success there are
numerous failures.”

In the Thursday afternoon roundtable that
concluded the Business Conference, Les
Polgar said, “I remember when some very
serious observers thought that amorphous sili-
con was a joke — a very bad joke indeed. We
need to be patient (Fig. 4).” He then
expanded on a point made during his formal
presentation: “Let us leave here forgetting
about killer applications because, if we create
the expectation that only the killer app is a
success, we are doomed to failure.... Letus
roll up our sleeves and leave the talk of killer
apps to the speculators.”

In 2004, IDRC will be held in Asia, where
it is also called Asia Display. Asia Display
will be combined with the Korean Information
Display Society’s IMID conference and will
be held August 24-27, 2004, in Daegu, Korea.
The combined event is expected to be the
largest display conference and exhibition ever
held in Korea. B
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Larry Hornbeck Honored

by Richard Fink
Chair, SID Texas Chapter

Dr. Larry Hornbeck of Texas Instruments, the
inventor of the digital micromirror device
(DMD) chip, was presented with the Texas
Chapter Technical Achievement Award on
Monday, November 17, 2003, in Austin,
Texas, at a special Chapter event held in
cooperation with the Nanoparticles Applica-
tions Center of Texas State University in San
Marcos, Texas. This event, which included a
talk presented by Dr. Hornbeck, was video
linked to Dallas, Houston, and San Antonio
using facilities provided by the law firm of

Winstead Sechrest and Minick, P.C. In total,
about 100 persons attended this event in all
four cities.

At the beginning of the 21st century, cin-
ema and television continue to rely upon fun-
damentally distinct exhibition technologies
having their origins in 19th century inven-
tions. Now, cinema and television exhibition
technologies are beginning to converge to the
same digital solution — Digital Light Process-
ing™ (DLP)™ projection-display technology
pioneered and commercialized at Texas
Instruments. DLP™ projection systems are
becoming increasingly popular for home
entertainment; in fact, big-screen tabletop TVs
based on DLP™ technology are now sold in
more than 2000 U.S. retail stores.

Zvi Yaniv (right), Director of the SID Texas Chapter, and Dr. M. Anandan (center), V.P. of the
Americas Region of SID, present the Texas Chapter Technical Achievement Award to Dr. Larry

Hornbeck (left).

DLP Cinema technology is emerging as
the choice for digital cinema worldwide, with
more than 100.000 shows of major first-run
movies to an audience of more than 10 mil-
lion. At the heart of these projection systems
is the DMD chip, a MEMS-based technology
integrated with CMOS circuitry. ll

— I

Letter to the Editor

This letter is in reference to the interesting
article by Donald Davis entitled “The Future
Is Plastics!” published in Information Display
19, No. 10, 4 (2003).

In the interest of liquid-crystal-display
(LCD) history, I would like to point out that
the use of plastic substrates in LCDs was first
proposed by P. Andrew Penz and co-authors
from Texas Instruments in 1981. They pub-
lished their findings in the SID Intl. Symp. I
Digest of Tech. Papers, 116-117 (1981).
These authors also demonstrated the viability
of the concept.

Werner E. Haas
Fellow, SID B
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improve in performance,” he predicted. “and
they will expand to fill electronics market
growth demands while they get cheaper. This
will further increase barriers for both OLEDs
at the small-display end and plasma at the
large-display end,” he said. “The fastest-
growth market will be LCD TVs.”

Exactly how the FPD story in TVs will play
out over the next year — and, indeed, the next
5 years — is perhaps the issue that has the most
people searching for a crystal ball. But the
interplay among technologies cuts across a
number of different application spaces as
well. “I keep on being surprised that plasma
panels in very low-tech stores are being used
for advertising purposes,” said Alan Sobel.
“This will grow, but it is possible that elec-
tronic paper and big LCDs will make some
inroads here.”

Electronic paper in its various forms also
has more than a few seers scrambling. Ernst
Lueder hailed the anticipated arrival of
“reflective displays with an 80% reflection
coefficient providing real paper-white pan-
els,” as well as “flexible color displays, 0.5
mm thick, as portable receivers for text and
images. With an attached memory IC,” said
Lueder, “they start competing with printed
books.”

“Electronic paper will begin to make some
real appearances in the form of advertising
signage and electronic books,” Sobel said,
“but the books need a lot of infrastructure that
is not there yet.”

Analyst and consultant Chuck McLaughlin
foresees “a major crossroads for micro-
displays generally and LCoS specifically” in
2004, with many questions in play. “Where
goes the presentation market?” he asked. “Are
we approaching a chicken in every pot? Big
corporate conference rooms all have projec-
tors. Is the market approaching saturation or
will the less-than-$1000 projector give the
market new life in education?”

McLaughlin answered his own question.
“While some of my brothers see saturation, I
am on the side of sustained unit growth based
on lower prices,” he said, “but revenue growth
will stall. The game will come down to Epson
vs. TI on the microdisplay front, with the lat-
ter winning. Look for further consolidation of
projector integrators, with the Chinese taking
over.”

Elsewhere, Sobel expects that FEDs “will
finally give up the ghost. “T do not believe
that there will be a breakthrough that solves
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their lifetime problems,” he said. Pollack
noted that new technology for integrated dis-
play speakers “may find displays that can
speak for themselves by the end of 2004.”
And as for OLEDs, the new kid on the block,
sources expressed an incredible diversity of
opinions, and the coming year in OLEDs
appears to be extremely murky.

All in all, as Stewart Hough sees it, the
coming year will be another troubled year for
the FPD industry. As of January 2005, he
predicted, “We will have spent yet another
year undervaluing the strategic nature and
importance of displays and will have further
pushed the commodity model, wasting an
opportunity for higher revenue and profit by
allowing displays to continue to be relegated
to the same class as DRAMs, connectors, and
batteries.”

And what else might the year bring?
“Acquisitions, mergers, and sales,” said
Hough. “And if IP issues remain unresolved,
increasing fragmentation, positioning, and
growth suppression.” ll

David Lieberman is a veteran display
Journalist living in Massachusetts; e-mail:
davidlieberm @earthlink.net.
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Tiling Rear-Projection Cubes

AR Technology, Ltd., founded in June of
1991 (under a different name), was one of the
first private companies in Russia. It is the
only company in Russia specializing in origi-
nal projection devices and systems, said
General Director Alexander V. Sadchikhin.

The company has two major specialties.
The first is two types of projection systems
comprising video walls based on Texas
Instruments” DMD technology and LCD
spatial light modulators. Current production
consists of tiled DMD-based rear-projection
cubes that use a patented method for connect-
ing modules in such a way that they have less
than a 0.5-mm optical (not mechanical) gap
between the screens. The company can make
tiled displays up to 3 m.

AR Technology is also developing laser
CRT technology. Their latest announcement,
made at FLOWERS 2003, is ring focusing of
the e-beam to produce image quality equal to
that of 70-mm film. The FLOWERS presen-
tation also discussed the development of an
epitaxial film for the laser target. “We believe
no other technology can produce equal qual-
ity,” said Sadchikhin. Further R&D is
required, but it is difficult to attract invest-
ment in Russia. “Nevertheless, | am an opti-
mist.” The technology currently produces a
high flux of 15,000-20,000 Im with a mea-
sured efficacy of between 2 and 2!/, Im/W.
“The laser CRT can offer high brightness and
efficiency with traditional electron-beam man-
agement and optics,” Sadchikhin concluded.

Incotex is a large company; AR Technol-
ogy is a small one. They have different busi-
nesses, but both are Russian, both have ambi-
tious general directors, and both are energeti-
cally making displays. It will be interesting to
follow their progress.

— KIW

We welcome your comments and suggestions.
You can reach me by e-mail at kwerner@
nutmegconsultants.com, by fax at 203/855-
9769, or by phone at 203/853-7069. The
contents of upcoming issues of /D are avail-
able on the ID page at the SID Web site
(http:// www.sid. org).
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Responses Keep Ringing

by David Lieberman

Last month’s “Backlight” column (“Ring in the
New”) consisted of a compilation of predictions from
a variety of sources on how the coming year in FPDs
might unfold. What I failed to predict was the strong
response I received to my request for input from these
display-industry participants and observers, and I
continued to receive replies after that New Year’s column was complete. So, if
you do not mind indulging me in a multi-part column, here is what some indus-
try folks expect to see in 2004 in various technologies and application spaces.

Al Davis of ClairVoyante Laboratories, Inc., scanned the FPD horizon in
applications requiring different sized displays. “We will be seeing more cellular
telephones with higher-resolution displays, more options, and more colors,” he
predicted. “As for monitors, it seems that higher dot-per-inch units, 140 and
greater, will be coming into the market. With additional capacity, LCDs will
become the televisions of choice, with lower cost and better performance than
PDPs,” he predicted. “And projection will be relegated to low-cost solutions.”

Dick Kessler of Sterling Design, on the other hand, foresees front projectors’
“growing dramatically in volume for crossover applications — home theater and
PowerPoint presentations.”

Consultant Alan Sobel has one of his eyepieces focused squarely on the road.
He expects 2004 to bring “more electronic displays in automobiles, mostly for
map functions, but also for some driving functions. In Japan,” he said, “TV is
available to drivers when the car is not moving, and that happens quite a bit on
their traffic-clogged roads. I devoutly hope that we do not see anything of the
sort here; the carnage would be dreadful!” Sobel further predicts that “head-up
displays on automobile windshields will grow, but slowly.”

As for Joel Pollack of Sharp Microelectronics of the Americas, his telescope
is pointed at both the small and the large. “The growth of color and other
factors in cellular telephones and other mobile devices, and the tremendous
interest in LCD TV, are going to have a big impact on the market in 2004,” he
predicted. “Higher-resolution LCDs for cellular telephones will create a whole
new set of expectations in the market,” he said, “and the refinements in perfor-
mance and response time of TV-grade LCDs will increase user acceptance.”

Pollack also predicted that mobile LCDs with a wide viewing angle “could
have some real impact as people start to use PDA displays for more functions.
When people start using multimedia,” he said, “they’ll want to use the display in
both portrait and landscape modes. The ability to hold a device in your hand or
set it on a table and see good color in all circumstances will become important.”

Ernst Lueder, a consultant for the University of Stuttgart, also sees dramatic
improvements in LCDs in the near term. “Large-area LCDs will break into the
domain of plasma displays,” he said. “Faster LCD addressing, well beyond pre-
sent overdrive, will provide brilliant large-area LCDs, including HDTVs.”
Moreover, Lueder predicted, “Color pixel layouts with increased resolution and
even greater perceived resolution will start to replace the present boring
layouts.”

As consultant Stewart Hough sees things, the continuing dominance of the
LCD is assured. “LCDs, in general, will still dominate and will continue to

continued on page 42
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calendar

CeBIT 2004. Contact: Telephone +49-180-525-02-

| 01, fax +49-5041-97-00-34.
‘ March 18-24, 2004 Hannover, Germany

SID 2004 International Symposium, Seminar &
Exhibition. Contact: Mark Goldfarb, PCM,
212/460-8090 x202, fax -5460, e-mail: mgoldfarb@
pcm411.com.

| May 23-28, 2004 Seattle, WA

INFOCOMM 2004. Contact: infocomm04.
expoexchange.com.
June 5-11, 2004 Atlanta, GA

Display Taiwan 2004. Contact: +886-2-2396-
7780, fax +886-2-2341-4559, e-mail: sysop@mail.
pida.org.tw.

June 9-12, 2004 Taipei, Taiwan

24th International Display Research Conference
(Asia Display 2004). Contact: SID HQ, 408/
977-1013, fax -1531, e-mail: www.sid.org.

August 24-27, 2004 Daegu, Korea

Advanced Display Technologies Symposium
(FLOWERS 2004). Contact: Prof. A. Smirov,
+375-17-2398858, fax -2398486, e-mail: smirov@
gw.bsuir.unibel.by.

September 7-10, 2004 Minsk, Belarus

EL2004 International Conference and Work-
shop. Contact: Adrian Kitai, McMaster University,
e-mail: e2004 @ mcmaster.ca.

September 20-23, 2004 Toronto, Canada

48th Annual Human Factors & Ergonomics
Society Meeting. Contact: HFES, 310/394-1811,
fax -2410, e-mail: info@hfes.org.

September 20-24, 2004 New Orleans, LA

PC Expo/Techxny 2004. Contact: CMP Media
LLC, 1-888-234-9476, e-mail: www.techxny.com.
October 3-7, 2004 New York, NY

The Americas First Display Engineering and
Applications Conference (ADEAC 2004). Con-
tact: Mark Goldfarb, PCM, 212/460-8090 x202, fax
-5460, e-mail: mgoldfarb@pcm411.com.

October 25-27, 2004 Ft. Worth, TX

12th Color Imaging Conference 2004. Contact:
IS&T, 703/642-9090, fax-9094, e-mail: info@
imaging.org.

November 9-12, 2004 Scotsdale, AZ B
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